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WELDING ARPARATUS 
Frederick C. Beyer, Washington, D.C., and 
Clarence E. Jackson, Niagara Falls, N. Y. 

Application April 17, 1946, Serial No. 662,768 
(C. 219-8) 

(Granted: under the act of March 3, 1883, as 
amended April 30, 1928; 370 O. G. 75) 

3 Claims. 

This invention relates to welding apparatus and 
- more particularly to Welding apparatus, wherein, 
While the welding electrodes are moved along the 
line of weldment, the electrodes may be caused 
to reciprocate in a plane lying at an angle to the 
line of primary notion to extend the area of weld. 
In certain types of Welding operations, and 

particularly in metal arc welding, it is sometimes 
desirable that the welding head, while traveling 
progressively along the junction of the pieces to 
be joined, at the same time move back and forth 
across the junction line to extend the area of the 
Weld. It will be readily apparent that there are 
practical limitations on the maximum weld width 
to be obtained by employing large diameter elec 
trodes. On the other hand, while it is quite 
feasible to extend the area of the weldby, causing 
the welding head, in effect, to move from side.to 
side as it progresses along the junction line, it 
has been found that the most desirable type of 
transverse motion for a given set of welding con 
ditions depends upon numerous factors including 
the Welding position, that is: whether the weld 
is to be made in a flat, horizontal, vertical, or 
overhead position, the type of metal being welded, 
the Welding material, and the current employed. 
While it is thus possible to determine the opti 
mum type of movement of the welding head, 
heretofore Suitable apparatus has not been avail 
able for controlling the welding head to provide 
the Wide variety of transverse movements 
required. 
An object of the present invention is to provide 

a new and improved Welding apparatus. 
A further object of the present invention is to 

provide a Welding apparatus in which the welding 
head is capable of moving transversely with re 
Spect to the path along which the welding head 
progresses. 

In accordance with One embodiment of this 
invention a Welding apparatus may be provided 
including a pantograph support for the welding 
head and a control mechanism for imparting 
thereto a wide variety of movements generally 
transverse to the path of progression of the weld 
ing head. This control mechanism includes a 
longitudinally reciprocable bar pivotally coupled 
at Substantially right angles to one end of a 
Second longitudinally reciprocable, pivotally 
mounted bar SO as to impart a pivotal motion 
thereto. The other end of the second bar is 
linked to the welding head So as to move the 
welding head in accordance. With the movement 
of the bar. Means are provided for adjusting 
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both the radius and the length of the transverse 
movement of the Welding head. Means are also 
provided operable to impart a variable longi 
tudinal reciprocation to the welding head to cause 
the transverse reciprocation thereof to become 
substantially semi-elliptic. 
Other objects and advantages of the present 

invention. Will be apparent from the following 
detailed description taken in conjunction with the 
drawings wherein: 

Fig. is a fragmentary, pian View of a Welding 
apparatus constructed in accordance with this 
invention; 

Fig. 2 is a front elevational view of the appara 
tus shown in Fig. 1, a conventional automatic 
Welding head being shown assembled thereon; 

Fig. 3 is an enlarged, vertical, sectional view 
taken Substantially along the line. 3-3 of Fig.1; 

Fig. 4 is a Schematic view illustrating the rela 
tive positions of the control mechanism elements 
When adjusted to produce a broad, short radius, 
Substantially semi-elliptic transverse motion of 
the welding head; v 

Fig. 5 is a view similar to Fig. 4, showing, how 
ever, the adjustment of the control elements re 
quired to produce a narrow Weld in which the 
welding head moves in a short, arcuate path of 
Substantially the same radius as that shown in 
Fig. 4; and 

Fig. 6 is a view similar to Fig. 5, the radius of 
the arcuate transverse movement of the welding 
head having been substantially increased. 

Referring now to the drawings, and particu 
larly to Figs. 1 and 2 thereof it will be seen; that 
this apparatus includes a carriage 0, which is 
Supported on a pair of Spaced, parallel rails. If, 
Which form a bed for the apparatus, by a number 
of Suitably disposed rollers 2 mounted on the 
carriage. A lead screw 3 extends parallel to 
the rails and is engaged by a suitable member 
(not shown) associated with the carriage 0 so 
that by rotating the lead Screw the carriage may 
ibes caused to move along the rails, the operation 
of the lead screw being either continuous or inter 
mittent as required. Other means may of course 
be employed for advancing the carriage and in 
Some cases the carriage, may be moved manually. 
A conventional welding head is shown in Fig.2 

supported on the carriage fo and may include, a 
motor 5, connected to a gear reduction drive f6. 
A rack. 7 is moved by a pinion, 18, driven by the 
motor 15 and gear reduction drive 16 and elec 
trode holder 9 is fixed to the outer, end of the 
rack . . A heavy lead .20 is provided for con 
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necting the electrode holder to a suitable current 
source (not shown). An electrode 2 is shown 
mounted in the electrode holder and is held 
thereon by Set screw 22. Welding heads of the 
type shown are Widely employed and are often 
provided with automatic controls whereby the 
electrode Spacing from the part being Welded is 
maintained at a constant predetermined distance. 

In the present apparatus instead of mounting 
the welding head directly on the carriage 0 as 
in conventional welding apparatus, because of 
the transverse motion desired a pantograph type 
Support is provided so that the welding head is 
constrained to move in a horizontal plane ex 
tending substantially at right angles to the rails 

. As may be seen in Figs. 1 and 2 the panto 
graph Support includes two spaced, short, verti 
cally disposed, hollow posts 25, the lower ends 
of which are rigidly mounted on the upper sur 
face of the carriage 6. Short shafts 26 are 
journaled in the posts 25 and, as may be seen 
in Fig. 1, the upper end of each shaft 26 has 
fixed at right angles thereto one end of a short, 
heavy arm 2, to the outer ends of which are 
pivotally attached similar arms 28. A link bar 
29 extends between the junctions of the arms 2 
and 28 to maintain parallelism, while a heavy in 
Sulated bar 30 extends between the outer ends of 
the arms 28 and is pivotally supported thereby. 
A mounting plate 3 is fixed to the upper side of 
the bar 30 and disposed substantially mid-way be 
tween the outer ends of the arms 28, as may be 
Seen in Fig. 1. This plate serves as a base to 
which the welding head is secured. 
Thus, as all the pivotal shafts such as 26 of 

the pantograph are vertical, the mounting plate 
3 and consequently the welding head carried 
thereon are constrained to move in a horizontal 
plaine parallel to the bed and guide rails f so 
that the Working end of the electrode at the Weld 
ing arc, aSSuming the rate of electrode feed to be 
equal to the rate of consumption, will also move 
only in a horizontal plane. An important ad 
Vantage of this structure is that the distance of 
the electrode from the work remains constant 
regardleSS of the extent of oscillatory motion of 
the electrode. It will be understood that the 
terms vertical and horizontal are here used in a 
relative sense to describe the relative position of 
parts to each other regardless of their terrestrial 
orientation, because the machine as a whole may 
be set at any angle and work as well as When 
positioned as shown. 
In order to cause the welding head to recipro 

cate transversely with respect to the direction of 
movement of the carriage, as controlled by the 
rotation of the lead screw f3, and to control the 
configuration of the reciprocating path so that a 
reciprocatory motion varying from substantially 
Seni-elliptic, to arcuate, to substantially recti 
linear may be obtained, a control mechanism has 
been provided including a variable speed motor 
49, which, as viewed in Fig. 2, may be mounted 
on a bracket plate 4 fixed to the left portion of 
the carriage 0 or integrally formed therewith. 
The notor A is employed to rotate a vertically 
disposed shaft 42, the lower end of which is 
journaled in a bearing housing 43 provided ad 
jacent the right end of the plate 4, as viewed in 
Fig. 3. While the upper end of the shaft 42 is 
journaled in and extends through a bearing 44 
iaounted on a bracket arm 45, as shown in Fig. 
3, The driving connection between the shaft 
62 and the motor 40 is provided by a spur gear 
is which is fixed to the shaft 42 and which meshes 
With a Second Spur gear 47, driven by a pinion 
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4. 
gear 48, in turn driven by a worm gear (not 
shown) fixed to the shaft 50 of the motor 40. 
It will be understood that other means for ro 
tating the shaft 42 may be substituted for that 
shown without departing from the scope of the 
present invention. 

Fixed to the upper end of the shaft 42 and 
rotatable about the axis thereof is a channel bar 
53 having a substantially U-shaped cross Section, 
the upper end of the shaft 42 being fixed to the 
underside of the bar 53 substantially mid-way be 
tween the ends of the bar. As may be seen in Fig. 
3 the sides of the channel bar 53 are provided 
with longitudinally extending slots 52 so that a 
Small rectangular block 54 which is slidably dis 
posed between the sides of the bar 53, may be 
secured in position on the bar by set screws 55 
which extend from either side of the block 
through the slots formed in the sides of the bar. 
A stub shaft 56 has its lower end threaded into 
the block 54 and has rotatably mounted on its 
upper end a roller 5, the axis of rotation of the 
roller being parallel to the axis of the shaft 42. 
The roller 5 is located in an elongated slot 58 
formed in a cross piece 59 of a longitudinally re 
ciprocable yoke bar 60. This mechanism some 
ties is referred to as a 'Scotch yoke.' The yoke 
bar 63 extends through and is journaled in a 
guide bearing 62 fixed to the upper end of a 
pedestal member 63 and is provided at its lower 
end, as viewed in Fig. 1, with a second cross 
member 64, having a slot 65. 
From the foregoing, it will be apparent that 

rotation of the shaft 42 will cause reciprocation 
of the yoke bar 6, the frequency of reciproca 
tion depending upon the speed of rotation of 
the shaft while the amplitude of reciprocation 
depends upon the adjustment of the position of 
the block 54 with respect to bar 53, the further 
the block 54 is removed from the axis of rotation 
of the shaft 42, the greater being the amplitude 
of reciprocation. It will be apparent also that 
other means than the “Scotch yoke' could be 
employed for effecting variable amplitudes and 
speeds of reciprocation of the bar 60, such for 
example, as a can. 

Referring now to Figs. 1 and 2, it will be seen 
that a long bar 66 is there illustrated to the left 
end of which is fitted with a fork 6. The right 
end of the cross member 34 is disposed between 
the sides of the fork 87 and a vertically disposed 
shaft 88 is mounted transversely through the 
sides of the fork with its mid-portion disposed in 
the slot 65 formed in the cross member 64. The 
bar 85 is supported by a bearing block 69, the right 
portion of the bar 66, as viewed in FigS. 1 and 2, 
being slidably mounted therein and extending 
therethrough. The block 69 is in turn pivotally 
mounted on a pedestal member 7, the base of 
which is provided with a rectangular flange 7 
whereby the pedestal member 70 is supported on 
the upper surface of the carriage 8. The pedes 
tal member 70 is slidably adjustable with respect 
to the carriage 0 and is constrained to move in 
a path at right angles to the axis of reciprocation 
of the bar 60 by a pair of spaced guide members 
73 which are fixed to the upper surface of the 
carriage 0 and are undercut to engage the sides 
and upper edges of the flange 7, as clearly shown 
in Fig. 1. The right end of the bar 66, which, as 
may be seen in Figs. 1 and 2 extends beyond the 
carriage 0, has fixed thereto a swivel joint 74 
by which the bar 66 is pivotally connected to one 
end of a link arm 75, the other end of which is 
rigidly fixed to a projection 76 extending from 
the right side of the Welding head supporting bar 
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30.’ When the yoke bar 60-is reciprocated by ro 
tation of the shaft 42, the bar 66 is caused to pivot 
or oscillate about the axis of rotation of the sup 
porting block-89, this in turn imparting a recipro 
cating motion to the welding head transverse to 
the direction of travel of the carriage along 
the rails . It Will be apparent that the ampli 
tude of movement of the Welding head will de 
pend on two factors: (1) the amplitude of recip 
rocation of the bar 39 and (2) the position of the 
pedestal number. ... with respect to the bar. 66. 
It will also be apparent that the position of the 
pedestal member. O. determines the radius of 
curvature of the arcuate path of movement of 
the Weiding head, and that the further the pedes 
tall member is moved from the right end of the 
carriage f, as viewed in Fig. 1, the greater will 
be the radius of curvature of the arcuate move 
ment, as well as the amplitude of movement. To 
a large extent the type of weaving motion to be 
obtained may be controlled by the enumerated 
two factors and for many purposes such varia 
tions in movement as are feasible with the ap 
paratus so far described are adequate. In Some 
cases however a further degree of control is de 
sirable and this is particularly so where it is re 
quired to provide a hesitation or dwell at the end 
of each transverse stroke, that is, to cause the 
welding head in effect to pause at the outer end 
of each reciprocation to permit adequate heating. 
The need for this hesitation is well known to 
the welding art but heretofore has been accom 
plished only by manual control. 
In accordance With the present invention, a 

wider degree of control of the type of reciproca 
tion is provided as well as making possible an ad 
justment of the control mechanism whereby the 
effect of a pause is obtained at each extremity of 
the reciprocable rioVement of the welding head. 
This is accomplished by employing a horizontal 
ly disposed bar 6' which is journaled through a 
block , pivotally mounted at the upper end of a 
pedestal member 8, similar to the pedestal men 
ber 70 hereinbefore described. A rectangular 
flange 9 is provided at the base of the pedestal 
member 78 and serves to support the pedestal 
member 78 on the upper surface of the carriage O 
adjacent the left side thereof as viewed in Figs, 1 
and 2. Undercut guide rails 80 are mounted on 
the upper surface of the carriage 0 in spaced, 
parallel relation and serve to confine the adjust 
ment of the pedestal member 78 to a path lying at 
right angles to the plane of reciprocation of the 
bar 60 and axially aligned With the axis of adjust 
ment of the pedestal member 70. The right end of 
the bar 7.6’ has fixed thereto a fork 82 of Somewhat 
Smaller dimensions than the fork 67 fixed to the 
left end of the bar 68 and the fork 82 extends 
over the cross member 64 but between the spaced 
sides of the fork 8, as may be seen in Fig. 2. The 
fork 82 is drivably connected to the cross mem 
ber 64 by the shaft 68 carried by the fork 67 so 
that as the yoke bar 6G is reciprocated, the bar 
76' will be caused to pivot about the axis of the 
block . A set screw 83 is threaded into the 
block 77 to lock the bar 76' thereto when the de 
sired adjustment of the pedestal member 78 has 
been made. 
In the operation of this device, while the car 

riage 0 is advanced along the rails by the lead 
screw 3, as the yoke bar 60 is reciprocated the 
end of the fork 82 Will move in an arcuate path, 
the radius of curvature of Which is dependent on 
the position of the pedestal member 78 with re 
spect to the end of the fork, the radius increasing 
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as the pedestal member is moved to the left, as 
viewed in Figs. 1 and 2. Thus, while the long bar 
66 is free to move pivotally about the axis of the 
supporting block 69, since the left end of the bar 
66 is attached to the right end of the bar 16, as 
the yoke bar. 60 moves from center position, the 
bar. 66, will be caused to move to the left, as 
viewed in Fig. 2, the distance of movement de 
pending on the radius of movement of the fork 
82, and increasing as this radius is decreased. 
By adjusting the pedestal member 78 So that this 
raidius is short, the long-bar 66. Will be moved to 
the left, as Viewed in FigS. 1 and 2, as Well as be 
ing pivoted as the bar 76' is pivoted past the cen 
ter line causing a substantially semi-elliptic 
transverse movement to be in parted to the Weld 
ing head support. This type of reciprocation and 
the requisite adjustment of the control elements 
are-shown-in-Fig. 4. The semi-elliptic movement 
achieved by using a short radius movement on 
the fork 82 causes the electrode to retrace a por 
tion of the path of movement particularly at the 
extremities thereof, thus providing the same re 
sults obtained by, causing, the electrode to hesi 
tate at the end of each stroke and thereby to 
dwell at that point. The maximum rate of longi 
tudinal movement of the bar. 66 occurs at the 
extreme. end of each reciprocation, as will be 
readily apparent. 

A.S. the radius of movement of the fork 82 is in 
creased, the amplitude of longitudinal reciproca 
tion of the bar 66, as it is pivoted is correspond 
ingly decreased and accordingly the movement 
imparted to the Welding head support becomes 
less elliptic and more generally arcuate. 

Referring to Fig. 5 it Will be seen that the radius 
of movement of the fork 82 has been increased 
Substantially thus rendering the motion imparted 
to the welding head less elliptic and more nearly 

At the same time the amplitude of re 
ciprocation of the bar 60 has been decreased by 
moving the adjustable block 54 nearer to the 
center of the channel bar 53, this latter adjust 
ment causing a corresponding reduction in the 
length of the transverse movement of the Weld 
ing head. In Fig. 6 the radius of movement of the 
fork 82 and amplitude of reciprocation of the bar 
60 are the same as in Fig. 5. However, the 
pedestal member 70 has been moved to the left 
increasing the radius of movement of the right 
end of the bar 66. This causes a corresponding 
increase in the length of transverse movement of 
the welding head and at the same time makes the 
path more nearly rectilinear. By various com 
binations of these adjustments the movement of 
the Welding head may be controlled closely to 
provide transverse movement varying from sub 
stantially rectilinear to substantially semi 
elliptic. 
Where herein the various parts of the inven 

tion have been referred to as being located in a 
right or left position, it will be understood that 
this is done solely for the purpose of facilitating 
description and that the references relate only 
to the relative position of the parts as shown in 
the accompanying drawing. 
While but one embodiment of this invention 

has been shown and described, it will be under 
stood that many changes and modifications may 
be made therein without departing from the 
Spirit or Scope of the present invention. 
The invention shown and described herein may 

be manufactured or used by or for the Govern 
ment of the United States of America, for govern 
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mental purposes without the payment of any 
royalties thereon or therefor. 
What is claimed is: 
i. A Welding apparatus including a bed, a 

carriage supported on and movable along said bed 
in a Substantially straight line, means for ad 
Vancing said carriage along said bed, a welding 
head mounted on said carriage and constrained 
to move thereon in a horizontal plane, means 
connected to said welding head for causing said 
Welding head to reciprocate across the line of 
advance of said carriage, and means associated 
with said welding head reciprocating means im 
parting thereto a component of motion parallel to 
the direction of movement of said carriage 
whereby a substantially semi-elliptic movement is 
inparted to said welding head as it is reciprocated. 

2. A welding apparatus including a bed, a 
carriage supported on and movable along, said 
bed in a substantially straight line, means for ; 
advancing said carriage along said bed, a welding 
head mounted on said carriage and constrained 
to move thereon in a horizontal plane, means Con 
nected to said welding head for causing said weld 
ing head to reciprocate across the line of advance 
of said carriage, and means associated with said 
welding head reciprocating means imparting 
thereto a component of motion parallel to the 
direction of movement of said carriage, whereby a 
longitudinal motion component is imparted to 
said Welding head as it is reciprocated. 

3. A welding apparatus including a bed, a 
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carriage supported on and movable along said 
bed, means for advancing said carriage along said 
bed, a Welding head mounted on said carriage 
and constrained to move thereon in a horizontal 
plane, means connected to Said Welding head for 
causing said welding head to reciprocate across 
the line of advance of said carriage, and means 
aSSociated With said Welding head reciprocating 
means imparting thereto a motion component 
parallel to the direction of movement of said 
carriage, Whereby a longitudinal motion com 
ponent is imparted to said Welding head mainly 
near the extremity of each reciprocation. 

FREDERICK. C. BEYER, 
CLARENCE E. JACKSON. 
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